The I)NA and protein components of the adenovirus 7-simian virus (SV)40 hybrid virus "E46+" have been investigated. The Ad.7-SV40 hybrid DNA genome could be distinguished from nonhybrid Ad. 7 genome on the basis of its molecular weight in an alkaline sucrose gradient. The hybrid genome could also be separated from nonhybrid adenovirus 2 DNA when purified transcapsidant adenovirus 2+t7 (Ad.7-SV40 DNA within an Ad.2 capsid) was studied. 
Adenovirus 7 (Ad.7) and simian virus 40 (SV40) can interact to form a hybrid virus that contains Ad.7 andl SV40 DNA covalently linked within an Ad.7 capsid (1) . These virions containing a hybrid genome are referred to as D (2) or PARA (3) . The hybrid virus expresses several important functions of the SV40 virus; these are induction of the T antigen of SV40 (4), a capacity to induce in vivo oncogenesis (5) and in vitro transformation (6) , and the ability to "enhance" adenovirus replication in African green monkey kidney (AGMK) cells (2) .
The hybrid virion is defective in both its SV40 and adenovirus characteristics and requires coinfection with nonhybrid adenovirus, designated as 9)particles, for replication (2) . The hybrid virion bands at a slightly lower buoyant density in CsCl than does nonhybrid adenovirus (7) . These results suggested that the DNA: protein ratio of the hybrid virus was different from that of the nonhybrid virus. Several workers (1, 8) 
MATERIALS AND METHODS Viruses
The E46+ strain of Ad.7-8V40 hybrid virus and its propagation in AGMIK and human embryonic kidney cells have been described in detail (2, 5) . Adenovirus 2 + t7, a transcapsidant of E46+ in which the Ad.7-SV40 genome is encapsidated in an adenovirus type 2 coat (10), was received from Dr. Wallace Rowe. Both E46+ and Ad.2+t7 are mixtures of hybrid and nonhybrid virions because of the defective nature of the hybrid particles. E46-, the nonhybrid Ad.7 counterpart of E46+ derived by plaque l)urification, has also been described (9) . All virus stocks were found to be free of adeno-associated viruses by serologic tests.
The virus stocks used in these experiments were grown in human embryonic kidney cells obtained from Flow Laboratories (Bethesda, Md.), and were purified by published methods (11) . The virus yields were titered by immunofluorescence and plaque assays as previously described (9, 12 FIG. 2. Centrifugation of DNA from purified E46+ virus on a 5-20% alkaline sucrose gradient, pH 12.4. E46+ is a mixture of nonhybrid Ad.7 and Ad.7-SV40 hybrid virions. Whole virus was layered on top of the gradient and centrifuged at 24,000 rpm for 15 hr in a SW27 rotor. The gradient was fractionated, and aliquots of each fraction were bound to nitrocellulose filters and hybridized against virus-specific RNA. The graph represents the absorbance at 260 nm and the cpm of Ad.-and SV40-specific RNA bound by the DNA in each fraction. The apparent discrepancy between absorbance and hybridization peaks for Ad. DNA results from the fact that absorbance was measured continuously, while aliquots for hybridization were taken from fractions from the gradient. cate filters were thus obtained for each gradient fraction. The filters were then washed, dried, and stored as described by Soeiro and Darnell (19) . Use of the above procedure with radioactively labeled adenovirus and SV40 DNA yielded over 95% retention of DNA by the filter after the immobilization steps and over 85% retention after 20 hr of incubation at 640C and the subsequent procedures of washing and digestion.
Gel electrophoresis of adenovirus proteins
Virus infection with E46-and E46+ strains was carried out in human embryonic kidney monolayers at a MOI of 20 PFU/ cell. At 18 hr after infection, the cells inoculated with E46-or E46+ were labeled with 2 ,Ci/ml of [3H]valine, leucine, and threonine. 48 hr later, when the cytopathogenic effect had reached 100%, the cells were harvested and virus was extracted and purified as described (11) . The proteins of these purified viruses, and similarly-prepared nonlabeled virus, were dissociated with detergent and mercaptoethanol and electrophoresed on sodium dodecyl sulfate (SDS)-acrylamide gels according to the methods of Maizel (20) . In the case of the labeled virus, aliquots of E46+ and E46-were coelectrophoresed on the same 5% acrylamide gel for 16 hr at 70 V. The gels were fractionated and the 14C-and 3H-radioactivity in each fraction was measured in a liquid scintillation counter adjusted for "double-label" counting.
In the case of unlabeled virus, the E46-and E46+ strains were electrophoresed by Dr. Jacob Maizel on separate 13%
"stacking" gels in a disk buffer system (21) Fig. 2 . The graph shows the cpm of Ad.7-, Ad.2-, and SV40-specific RNA bound by the DNA for each gradient fraction.
shown in Fig. 1 Centrifugation of E46+ DNA E46+ virus populations, which contain both Ad.7 and the Ad.7-SV40 hybrid virions, were purified and centrifuged through an alkaline sucrose gradient. Aliquots of each gradient fraction were assayed for their ability to hybridize with adenovirus and SV40-specific RNA. Fig. 2 shows the results of one such centrifugation experiment. There is an absorbance peak at fraction 12.5, with a lower sedimentation velocity shoulder at fraction 14. Hybridization with Ad.7 mRNA revealed that the maj or absorbance peak corresponded to those fractions that contained the majority of the DNA hybridizable with Ad. 7. There was a demonstrable degree of this DNA in the shoulder as well. When aliquots of the gradient fractions were hybridized against SV40 cRNA, however, SV40-hybridizable DNA was demonstrable in those fractions corresponding to the shoulder at lower velocity. The small amount of hybridization detected under the faster-sedimenting peak was consistent with the degree of cross-reactivity of SV40 cRNA and Ad. DNA. The separation of hybrid and nonhybrid genomes was 1.5 fractions (30 vs. 31 fractions from the top). Since the sedimentation velocity in sucrose gradients depends primarily on the molecular weight of the material being centrifuged (22) , we concluded that the SV40 DNA was part of a genome of lower molecular weight than that of normal Ad.7 DNA.
Three quantitative determinations can be made from these experiments. First, it is possible, by integrating the area under the peaks of absorbance or Ad.7 mRNA hybridization (in Fig. 2) , to estimate that about 10% of the total Ad.7 DNA falls under the shoulder that represents Ad.7-SV40 hybrid virus. Thus, the hybrid virus is assumed to represent only 10% of the total number of particles in the E46+ preparations used. Second, based on the relationship of sedimentation velocity and molecular weight described by Burgi and Hershey (22) , the molecular weight of the hybrid virus DNA is about 12% lower than that of the nonhybrid adenovirus DNA.
Finally, the SV40 DNA content of the hybrid virus genome can be estimated by the degree of hybridization with SV40 cRNA by means of the calibration curve shown in Fig. 1 .
The calculations used to determine the amount of SV40 DNA in the hybrid genome will be presented in the Discussion.
Centrifugation of Ad.2 +t7
Fig. 3 shows the results of a similar alkaline sucrose gradient centrifugation of the transcapsidant Ad.2+t7 population. This population presumably contains nonhybrid Ad.2 virions and Ad.7-SV40 DNA within Ad.2 capsids. The hybrid-virus DNA, which reacts with SV40 cRNA, sediments more slowly than does nonhybrid Ad.2 DNA derived from the Ad.2 contaminant. A separation of one gradient fraction (20 vs. 21 from the top) was observed. The data in Fig. 3 support the following conclusions: (i) There is a DNA species in this preparation that hybridizes preferentially with Ad.2 mRNA.
(ii) There is a slower-sedimenting DNA species, presumably the hybrid genome, that does not hybridize with Ad.2 mRNA but does hybridize with Ad.7 cRNA and SV40 cRNA.
Three types of control experiments were performed. Nonhybrid Ad.7 and Ad.2 were centrifuged in an identical fashion to that used for E46+ and Ad.2+t7. They each sedimented as a sharp peak of absorbance and radioactivity, without a slowvelocity shoulder, and neither reacted with SV40 cRNA to any appreciable extent.
In order to exclude incomplete or unequal deproteinization on the gradient as a cause for the separation of hybrid and nonhybrid DNA, the experiment shown in Fig. 4 was done. Purified E46+ (containing both hybrid and nonhybrid particles), labeled with ["4C]aminoacids, was centrifuged as described above. Two peaks of absorbance were seen: one corresponding to the position of adenovirus DNA (fraction 10) , the other to proteins (fractions [20] [21] [22] [23] [24] [25] . The DNA peak contained no more than 3% of the radioactivity of the protein peak. Moreover, radioactivity was constant across the heavier peak, which indicates no preferential deproteinization of 9) relative to (3 particles. Thirdly, although the E46+ population has repeatedly been shown to be free of SV40 virus (4, 5) , it was established that under the conditions of centrifugation used, SV40 DNA from SV40 virions would not appear in the locations in the gradients in which we detected SV40 DNA from the Ad.-SV40 hybrids. Purified SV40 virus was centrifuged as above. The arrows labeled "54S" and "18S" in Fig. 4 (23) , the hybrid genome has a molecular weight of 20.5 X 106, based on the difference in sedimentation velocity (22) .
The slower-sedimenting component in E46+ (Fig. 2) (25) , show that some "non-early" sequences are being transcribed in vitro by the E. coli polymerase. Thus, a single, small segment of the DNA is not being repetitively copied. However, evidence that SV40 cRNA contains com-* One A26, unit = 47.1 Mg/inl of double-stranded adenovirus DNA (24) . A hyperchromicity shift of 35% was assumed for conversion of A2,0 to single-stranded DNA. The finding that E46+ hybrid genome contains 40-50% of the SV40 genome is consistent with the finding of Oda and Dulbecco that RNA transcribed after hybrid-virus infection represented only 40% of the sequences found in "late" SV40 mRNA (18) .
Approximately 18% of the Ad.7 DNA would have to be deleted from the hybrid genome to account for the net decrease in molecular weight observed. This decrease in molecular weight is consistent with the known biological defectiveness of the hybrid virus.
Finally, electrophoretic studies of purified hybrid-virus populations have revealed no qualitative or quantitative differences between the proteins of hybrid and nonhybrid virions. Of course, since the hybrid virion represents only 10% of the virions present in the virus population, small changes in protein constituents might not be detected. It is probable, however, that the buoyant density of hybrid virions in CsCl, which is slightly lower than that of nonhybrid virions, can be explained solely by the presence in the hybrid virion of a genome of lower molecular weight.
In summary, the current structural model of the Ad.7-SV40 hybrid virus, E46+, consists of fragments of adenovirus and SV40 DNA covalently linked within an adenovirus capsid. The hybrid genome has about 90% of the molecular weight of nonhybrid adenovirus DNA, and contains about 50% of an SV40 genome and about 85% of an adenovirus genome. The capsid and core proteins of the hybrid virion are indistinguishable from those of nonhybrid adenovirus.
In the case of the transcapsidant Ad.2+t7, it seems that the same situation exists. Although we cannot rule out entirely the presence of some Ad.2-SV40 hybrid genome in this population, none was detected in these studies.
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